In 15 pigs affected with cerebrospinal angiopathy accompanied by demyelination and malacia, the main symptoms were diarrhea and subsequent circling, spasms, sudden forward movements, ataxia, and inability to hold the head straight. Escherichiu coli was isolated in a pure culture from the small intestine of pigs with diarrhea. The only gross change was a slight increase in cerebrospinal fluid. Histologic examination showed vascular lesions, demyelination, and malacia, most commonly located in the medulla oblongata, pons, and midbrain. The vascular lesions were degenerative and there were necrotic changes of the vessel walls and formation of periodic acid-Schiff-positive perivascular eosinophilic droplets. Ultrastructurally, the swollen astrocytes around the vessels had many osmiophilic bodies in their cytoplasm with no limiting membrane. Demyelination and malacia, as well as vascular lesions, were considered to be the characteristic changes of cerebrospinal angiopathy. Our study suggests that E. coli may be a cause of cerebrospinal angiopathy.
Swine cerebrospinal angiopathy was reported first as a condition characterized by vascular lesions of the central nervous system [8] . Since that report, similar symptoms have been observed by many workers [l, 3, 7, 9, 10, 12, 201 . Perivascular eosinophilic droplets are characteristic of cerebrospinal angiopathy. Malacia and demyelination, as well as vascular lesions, often are present in the medulla oblongata, pons, and mid-brain [l, 7-10, 12, 201. We describe the lesions in pigs affected with cerebrospinal angiopathy accompanied by demyelination and malacia, and discuss the pathogenesis.
Materials and Methods
Fifteen pigs ranging from 35 to 71 days old (table I) were used. The pigs were from three farms where 94 of a total of 177 pigs (53.1%) died of the disease. A few affected pigs recovered completely, but most survivors were stunted. The main symptoms were diarrhea and subsequent circling, spasms, sudden forward movements, ataxia, and inability to hold the head straight. Diarrhea often began about ten days after weaning. The outbreaks of the disease occurred only between August and December. Bacteriological examinations were done on five pigs from the herd with diarrhea. Escherichiu coli was isolated in pure cultures from the upper and lower small intestines. Isolates from three of five pigs were serotyped and E. coli toxic products were assayed using the infant mouse and Y-1 cell test (table 11) .
Fifteen affected pigs were killed and necropsied. Major organs were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 4 pm, stained with hematoxylin and eosin (HE), and examined with a light microscope. Sections were stained with periodic acid-Schiff (PAS), elastica van Gieson's, azan, luxol fast blue, and Bodian stains. The central nervous system specimens were collected from the cerebrum, cerebellum, mid-brain, pons, and medulla oblongata. The formalin-fmed brain was post-fmed in osmic acid and embedded in epon. Ultrathin sections were stained with uranyl acetate and lead nitrate, and examined with an electron microscope.
Results
Macroscopically, no changes were seen except a slight increase in cerebrospinal fluid.
Histologically, vascular lesions, demyelination, and malacia were seen in the central nervous system (table 111) . Vascular lesions also were seen in the intestine and mesenteric lymph nodes.
The vascular lesions varied in severity, depending on their location in the central nervous system and generally, were most severe in the brain stem (medulla oblongata, pons, and mid-brain). Arterioles and small-sized arteries were the main vessels involved. In mild vascular lesions in the brain and spinal cord, scattered blood vessels in the parenchyma and pia mater contained degenerative cells in the media ( fig. 1 ). The nuclei of these cells showed karyopyknosis and karyorrhexis, and the shrunken cells had eosinophilic cytoplasm. Mild vascular lesions were present in all 15 pigs.
Extensive necrosis of the blood vessel walls and PAS-positive perivascular eosinophilic droplets were seen in severe vascular lesions. Affected vessels had hyaline degeneration and fibrinoid necrosis of the walls ( fig. 2,3 ). Eosinophilic droplets were seen around the vessels with severe lesions, and occasionally around capillaries. The droplets were homogenous and round or oval, and varied from 20 pm to less than 0.1 pm ( fig. 2 ). Perivascular cuffs of lymphocytes and eosinophils were found rarely in the affected vessels. Severe vascular lesions were present in three of 15 pigs.
The demyelination was focal and sharply demarcated ( fig. 4 ). In the foci of demyelination, there was dilation, a decrease and ultimate loss of myelin sheaths associated with karyopyknosis of glial cells, and a decrease in glial fibers. Generally, the reactive changes of glial cells and mesenchymal cells were scant within and around the foci. In the malacic foci, liquefactive necrosis of the parenchyma and demyelination or malacia were seen occasionally. Demyelination and malacia were evident in the medulla oblongata, pons, and mid-brain in 12 of 15 pigs, but neither was seen in the other three pigs.
Pig 7 had proliferation of astrocytes containing intracytoplasmic eosinophilic granules around the affected vessels adjacent to the lateral ventricles ( fig. 8) , and plump astrocytes in the subleptomeningeal areas of the cerebrum. Slight perivascular edema was seen occasionally.
In the submucosa of the small and large intestines and the capsule of the mesenteric lymph nodes of two pigs, the walls of some arteries were degenerate and necrotic. There were no eosinophilic droplets around these vessels. Two pigs had focal catarrhal pneumonia, and one had a Balantidium infection in the colon.
Ultrastructurally, the perivascular eosinophilic droplets corresponded to the osmiophilic bodies ( fig. 9 ) which were located mainly in the cytoplasm of the swollen astrocytes around the vessels. These spherical or polyhedral-shaped bodies with no limiting membranes had low to high electron density and rarely contained crystalline structures. Occasionally, macrophages containing osmiophilic bodies were seen around the blood vessels.
Discussion
According to our observations, mild vascular lesions were the initial manifestation of the disease. The degenerative medial cells in mild vascular lesions were assumed to be smooth muscle fibers. In our study most pigs had mild vascular lesions; only three pigs had severe vascular lesions because most of the pigs examined were killed in the early stages of the disease. Since the reactive inflammatory changes against the demyelination were scant, it seemed that the demyelinating lesions were of short duration. The occurrence and distribution of demyelination almost corresponded to mild vascular lesions, and the occurrence and distribution of malacia corresponded to severe vascular lesions. Demyelination, malacia, and severe vascular lesions were common in the medulla oblongata, pons, and mid-brain (table 111). We suggest that demyelination and malacia resulted from the vascular lesions and demyelination preceded malacia. In addition, the brain stem seemed particularly vulnerable.
Perivascular eosinophilic droplets are characteristic of swine cerebrospinal angiopathy. The nature and pathogenesis of the droplets are unknown. In previous studies on cerebrospinal angiopathy [I, 7, 8, 121, perivascular eosinophilic droplets were not seen in the affected vessels of organs other than the central nervous system. In our pigs, the droplets were found only in the central nervous system and not in the intestines and mesenteric lymph nodes. Ultrastructurally, the osmiophilic bodies, with no limiting membranes, were located in the cytoplasm of the perivascular astrocytes. We suggest the astrocytes around the vessels might have produced the droplets in the cytoplasm. Usually, the criterion for the histological diagnosis of cerebrospinal angiopathy is vascular lesions associated with PAS-positive perivascular eosinophilic droplets [ 1, 3, [7] [8] [9] [10] 121 . Vascular disorders similar to cerebrospinal angiopathy in the central nervous system of pigs have been described [2, 191 , but these disorders can be differentiated from cerebrospinal angiopathy by the fact that no eosinophilic droplets were seen around the affected vessels.
In addition to the vascular lesions, malacia and demyelination have been recorded in almost all reports of cerebrospinal angiopathy (table IV) . This is strong evidence that malacia and demyelination also are characteristic lesions in swine cerebrospinal angiopathy. Mild vascular lesions may be overlooked in the early stage of the disease, therefore, for diagnosis of the condition, it may be useful to detect the demyelinating foci in the medulla oblongata, pons, and mid-brain.
The similarities between swine cerebrospinal angiopathy and edema disease have been discussed frequently [ 1, 8, 201 . Both diseases occur most often in the period just after weaning, usually four to ten weeks of age, and following a change in feed. Edema disease is acute and affected pigs die within 24 hours of onset [6, 13, 171 . Cerebrospinal angiopathy is usually subacute or chronic, but was acute in most of our pigs. Clinically, both diseases are associated with central nervous signs: incoordination, ataxia, paralysis, and others. The characteristic gross changes of edema disease are edema of eyelids and snout, stomach and mesenteric coil, and gall-bladder [6, 171. Edema is not seen usually in cerebrospinal angiopathy, although a few pigs had submucosal edema and edema of eyelids [20] . Thrombus formation and necrotic change of blood vessel walls in the whole body are histological lesions of edema disease [ 13, 171. Vascular lesions with perivascular eosinophilic droplets in the central nervous system are characteristic in cerebrosinal angiopathy. Other organs in addition to the central nervous system show vascular lesions sometimes (table IV) . Perivascular eosinophilic droplets are reported in edema disease also [ 13, 181. Experimentally, the vascular lesions are produced in pigs by intravenous injections [20] al. of extracts or supernates of E. coli [l 1, [14] [15] [16] . The vascular lesions of the central nervous system were ultrastructurally similar to the naturally occurring cerebrospinal angiopathy produced in the pigs inoculated intravenously with E. coli [4, 51. There was an outbreak of cerebrospinal angiopathy in pigs infected orally with a strain of E. coli isolated from the intestines of a pig with enterotoxemia [I]. In our study, E. coli was isolated from the small intestine of affected pigs. The serotypes (0141 and 08) of the isolates in our pigs often have been isolated in edema disease [6] . Our study suggests that E. coli may be a cause of cerebrospinal angiopathy.
